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Abstract: In this study we designed and developed an efficient preparation system of small volume, a CO2 laser 
for heating samples, a crusher for extracting fluid inclusions and an air argon system for automatic 40Ar/39Ar 
dating. A new 40Ar/39Ar laboratory has thus been established by using these apparatus connected to an ArgusVI 
mass spectrometer in China University of Geosciences (Wuhan). The peripheral accessories of third party 
hardware, such as pneumatic valves, CO2 laser and crusher, can be controlled by the Qtegra Noble Gas software 
through a PeriCon (peripheral controller). Therefore, the experimental precedures of air argon analyses, 40Ar/39Ar 
dating by laser stepwise heating and by crushing in vacuo could be fullly automatically performed. By two 
hundreds of air argon analyses, we have obtained well concordant atmospheric 40Ar/36Ar ratios with a weighted 
mean of 302.22 ± 0.03 (1, MSWD = 0.74), indicating that all the devices made in-house are effective and reliable. 
This work serves as a pioneer example in China for establishment of a new noble gas laboratory with home-made 
peripheral accessories except for mass spectrometer. 
Key words: 40Ar/39Ar; CO2 laser; preparation system; ArgusVI mass spectrometer; Qtegra noble gas software 
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0 ? ? 
21 ????, ?? Nu ????? Noblesse ?
??, ???????????????????
???????, ????????? Nu ???
Noblesse ???, ?? Thermo ??? ArgusVI?
Helix-SFT? Helix-MC plus??????????
????? 
????????????????????
???????????????????????
????? ArgusVI ?????, ???????
????? 40Ar/39Ar?????? 
1 ??? ArgusVI?? 
Argus????? 40Ar/39Ar?????(? 1)[1–4]?
ArgusVI ???????? 200, ??? 678 mL 
(Hamilton, 2015, ????)????? 5 ????
?? 1? CDD?????, ???????? H2?
H1?AX?L1?L2? CDD???? 1012 ~ 1010 Ω?
??????, ??? 5×104 ~ 5×106 fA?????
???????????, ???H2??? 1011 Ω, 
? H1?L2??? 1012 Ω?????? 1? NP10?
??, ???????????????, ???
20 L/s? 
 
? 1 ArgusVI®??? 
Fig.1 ArgusVI noble gas mass spectrometer 
 
?????????, 5?Ar??? 40Ar ~ 36Ar
???? H2?H1?AX?L1 ? L2 ??? 5 ???
???????, ?????? H1?AX?L1?L2
? CDD?? 4?????? 1? CDD?????
?????, ????????????????
???????, ??????????? CDD?
???????, ??????????????
?????????????? 
2 ????????? 
2.1 ?????????? 
?????? 40Ar/39Ar ???????, ??
??????????????? 1 ? Zr-Ar ??
??1?????? (Pfeiffer) HiCube Eco????
???????? (Varian) StarCell 40 L/s????
?????? (Swagelok) ????????? (5
?????), ?? CF16? 1/4 VCR??????, 
?? 2?????????? 80 mL (??????
?????), ??????? 18 mL, ?????
?????? 62 mL, ???? Thermo?????
?? 340 mL (Hamilton, 2015, ????)?Thermo
?????ArgusVI??? (678 mL) ??? 1018 mL, 
??????????ArgusVI?????? 740 mL, 
??? Ar ?????????, ?????(??
???) ??? 37%? 
2.2 ??????? 
????????????????? , ?
? 50 W, ?? 10.6 μm, ????? 1.8 mm???
?????, ????? 2??????? 3.6 mm, 
?? 3.0 mm? 2.5 mm????????????
??????????? 0.1%, ???????
?????????????????????
???????????? , ????????
????2 ???????????? , ???
?????CCD ??????????????
????? , ???????? , ??????
???  
2.3 ??? 
??????????????????
CF63?????????, ????? 63 mm, ?
????????????????????[5]?
?????????? 3.0 mm ? 2.5 mm, ???
?????????????, ????????
???????????????, ???????
??; ??????????, ????? 5~10 mm, 
??????????????? 
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? 2 ??????(??)40Ar/39Ar??????? 
Fig.2 A sketch of the 40Ar/39Ar dating laboratory in China University of Geosciences (Wuhan) 
 
2.4 ??????? 
????????????????????
?[6–10]?????????????????, ??
?????????, ??? 40Ar/39Ar ?????
??????????, ???????????, 
????????????????????? , 
?????????????????, ????
?????????????????????? 
空气瓶  ??? 31 L, ?? 1/4VCR ???
???????????, ??????????
0.1 mL???, ?? 2????? AV1? AV2??
?????????????????? 31???
????????????????????, ?
??????????????????????
???, ????????? 300 ℃???? 4 d 
(???????), ?? 40 L/s?????? 3 d? 
?????????????: (1) ??????
??????????,  ???????; (2) ???
??????????????????, ?? 0.50 mL 
(?? 1 mL ???? 1/4 ?? VCR ???????), 
????????? 8 h, ????? 31 L????? 
????? Ar ???? 0.937%[11], ????
Ar????:  
Ar = (0.5 mL × 76 Torr × 0. 937%) / 31000 mL = 
1.1486 ×10−5 Torr 
3 ???? 
3.1 ?????? 
????????? 40Ar/39Ar???????
????, ?????????????????
Qtegra Noble Gas??, ????????, ???
????? 40Ar/39Ar????????? 
?????????????????: ??
??????(%)?????(?????)????
?(s)?XY????????(mm)?????? csv
??, ?? WPS ??? Excel ?????????
????????, ?????????????
??????? , ?????????????
??????????????????, ???
??????????, ???????????
??(????), ??????????????? 
3.2 ????? 
??????????????? Qtegra 
Noble Gas??????????: ????Configurator, 
???? Instrument Control, ???????
Workflow Editor?????? Experiment Editor? 
3.2.1 配置模块 
实验配置  ??????????, ???
? ArgusVI????? ArgusControl???????
?? NGPrepOnArgusVI, ??????? PeriCon 
(?? 2?)????? NGWorkflow? 
硬件面板配置   ???????????
Graphics View”????? 2??????????, 
?? ArgusVI?????????(PeriCon??)?
??“?? Preview”??????????? 
3.2.2 外部设备控制器 
??????? PeriCon?? Qtegra??, ??
16???, ?????????????????? 
? 1? PeriCon??? 16?????????
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?????, ??????? 2? PeriCon????
?? Thermo ????????? , ????
ArgusVI ???????????? (?????
PeriCon), ??????? 
3.2.3 仪器控制软件 
??????(Instrument Control)?????
?????, ?????????????, ???
??? 3 ???????????? (Argus 
Controls)???????????????(ArgusVI 
Graph View), ????????????(? 2)? 
????????????????????
??????????????????????
?, ???????????? 
?????????????? 5 ?????
??(???????), ???????????
??????????????????????
??????????? 180 s, ????????
???? 130 s? 
???????(? 2, ????? PeriCon ?
?)??????, ???/???????????
?????????, ????????????
??????, ???????????????
?, ?? PeriCon??????, ????????
??, ???????? 
3.2.4 工作流程模块 
?????? NGWorkflow ????????
??????????????, ?? 3 ??, ?
??????????????????????
???(Workflow Commands)????? Open/On?
?? Close/Off??? Set??? Wait??????
? Set Time Zero????? Acquire Data (????
?)??? Message (???????????, ?
?????????????)? 
??????????????, ?? 3 ?, 
??????????? 1????? 2??????
???? Open/On, ????????????(?
??????)?????(??? Pericon 1 ? 2), 
???????, ?????? 1??? 2?, ??
3???? 2????????????????, ?
? 1?????????, ?? Save??? 1??
????(txt), ?? 3???????????? 
? 3?????????????, ??“??
2”??????????, ???????????
?????????????????????? 
????????? 40Ar/39Ar ???????
??????, ???????????“?/?” ? 
 
? 3 ??????? 
Fig.3 Noble Gas Workflow Editor 
??????????????, ?????, ????????? 2 
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??????(?????), ??????????
??????????????????, ????
???????????????????? 
?????? 40Ar/39Ar???????: (1)?
?????(? 2, ???? LAV?IP2V ? IP1V ?
?????, ????????????), ? 2 ?
????????? 30 s, ????????? ; 
(2)?????? 60 s ????; (3)??????, 
?????−80 ~ −120 ?, ??????????
?; (4)? Zr-Al??????, ????? 400 s(?
??????); (5)????? ILV, ????“?
?”, ???? 20 s, ?????; (6)??????
?????, ????????? IP2V?????
??????; (7)????????, ?????
ILV? 40 L/s????? 90 s, ?????????; 
(8)?? ILV, ?? IP1V, ???? 20 L/s?????
??, ?????????? 
??, ?????????????????
???, ??????????????????, 
?????????????????????? 
3.2.5 实验编辑器与实验流程全自动化 
1???????? 1????????, ??
??????????????????????
????, ?????????? 40Ar/39Ar ???
??????????????????????
?????????? 
??????????? Templates ????
? Analysis? 
?? Templates ?????????????
??????????????????????
??????????????? 
???? Analysis???????, ?????
??(?????)???????????????
??????????(??????????)??
??????????????? 40Ar/39Ar???
?, ????, ???????????????
(?“3.1 ??????”)???????????
????????, ?????????????
?? 1????(LabBook)??(???? imexp)? 
?? 1 ??????, ??“Run”, ?????
???????? Schedule ?, ????????
??“Run”, ??????????, ??????
???????, ????????????? 
??, ???????????????, ?
??????? 
??????, 1?????????????
(?????????)?????????????
?????????, ??? 40Ar/39Ar ?????
? 40Ar? 39Ar???????, ????????
?; ? 38Ar?37Ar ? 36Ar ???????, ???
?????????????, ????????
???, ??????????????????
?????(??? 20 fA), ??????????
??? 40Ar/39Ar ?????, ?????????
?????????, ???????????, ?
???????, ??????????????
??, ????? 6~10?????????? 1?
40Ar/39Ar ???????, ??????????
????, ???????????? 1 ????
?????? 
4 ???????? 
Koppers ????? 40Ar/39Ar ??????
ArArCALC[12]???? V2.52b??? ArgusVI??
???????????????, ??????
????? J?????????????? MDF
????, ?????? 40Ar/39Ar???????, 
????(??????)??? Excel??[13]? 
Thermo??? Qtegra Noble Gas??????
Analysis ?????????(.imexp), ?????
??????? ArArCALC ??????, ???
?? Excel ???(.xls)????????????
????, ? Qtegra Noble Gas??? Excel???
??? ArArCALC ?????????(????
? csv ?? ), ???????????? (??
D:\ArArRawDat\2014\06)??????? 
5 ???? 
5.1 ???????? 
? 31 L???? 0.1 mL?????????
????, ?????????????????
??????????, ????? 1/4VCR ??
????? 0.50 mL?? (? 2, LAV? V4??, ?
1 mL ????????????), ??????, 
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?? 8 h???, ????????? AV2? AV1, 
??????, ?? 1 h, ?? AV1? AV2, ???
???????? 
?? 1 ??????, ??? 3 ??????
????, ?????????????????
?????????, ?? 10?????????, 
? 1???????????? ArArCALC V2.52b
??????, ???????????????
??????? MDF?????? 2014 ? 3 ?
11~12 ?? 4 ? 7~9 ?????????????, 
36Ar?38Ar? 40Ar????? L2?AX? H2???
???????, ??????????????
? 114.81?22.05?34690.97 fA ? 111.50?21.38?
33696.46 fA (????, ?????????)??
??????????????, ? 2 ??? 200
???? 36Ar?38Ar? 40Ar??????????
0.052%?0.170%? 0.031% (? 1 ??)?????, 
?????? 20 fA ???, ?????????
?; ?? 100 fA ???, ???????????
?????????(50 V? 500000 fA), ????
?? 5~14?, ?????????????? 38Ar
?????????????? 
????? 40Ar/36Ar ??????(1)???
4 (????????), ???????? 302.19 ± 
0.04? 302.22 ± 0.03 (? 2??? 200??????
?????? 0.13%), ???????????
MDF ???????? 0.994455 ± 0.001162 ? 
0.994433 ± 0.001161 (???? 40Ar/36Ar?295.5?
?)?????? 40Ar/36Ar?? MDF??????
???????? , ???????????
Ar-Ar????????, ????????? 
5.2 ????????? 
?????? ILV, ????????, ???
?????, ????????????????
???????, ??????????????
??????????????????????
????????????????????, ?
????????????????????? 
???????????????, ????
?????, ???? 45?40?35?…?10 s, ??
1????????? 
?????? (?????????????
????), ???? 80 mL, ?????? 18 mL, 
??????? 1??? 1 ?? 5a ????, ??
?? 30~35 s, ???? 40Ar ????? 40Ar/36Ar
?????, ????????, ???????
??? 30 s? 
???????, ??? 47 mL ?? (???
????? 32 mL, 1/4 ???????? 15 mL), 
??? 1/4????????(????? 3.8 mm), 
?????? 1?? 5b?????, ????? 40 
s?, ??? 40Ar????????, ??????
???? 40 s? 
 
? 4 ??????? 
Fig.4 Measurement of 40Ar/36Ar ratios of modern atmospheric argon in the laboratory 
(a) 2014? 3? 11~12???; (b) 2014? 4? 7~9????40Ar/36Ar?????? 1????????????, ????????? 
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? 5 40Ar??-??????? 
Fig.5 Diagrams of 40Ar intensity vs inlet time 
(a)?????; (b)???????? 
 
表 1 40Ar 强度-进气时间测定值 
Table 1 Measurement of 40Ar intensity and inlet time 
?? ????(s) 40Ar???(fA) 40Ar/36Ar 
????   
1 45 33382 302.1 
2 40 36422 302.3 
3 35 36707 302.0 
4 30 36658 302.0 
5 25 36471 301.6 
6 20 35987 301.0 
7 15 34867 300.1 
8 10 32210 298.4 
????   
1 45 34529 300.5 
2 40 34807 300.4 
3 35 34206 299.8 
4 30 33273 299.1 
5 25 31706 298.3 
6 20 29804 296.9 
7 15 26965 296.4 
8 10 23283 296.0 
?: ???????????“??” 
????, ????(???????????)
????, ??????, ??????????? 
40Ar/36Ar ??????????????? , 
???? , 40Ar/36Ar ??? , ????????
36Ar ?????????????? 40Ar, ??
????????? , ?? , ????????
?????????????????????
??  
5.3 ?????? 40Ar/39Ar???? 
??????? 09PT20MS ????????
??[14–15], ?????? 40Ar/39Ar ???????
????????(? 6a), ????(158.5±1.6) Ma 
(39Ar? 97%), MSWD ? 0.41 (??? 97%)???
?? 36Ar/40Ar-39Ar/40Ar ??????(? 6b), ???
?????????, ??????(158.5±1.8) Ma, 
??? 40Ar/36Ar ????? 295.6±12.3, MSWD?
0.44 (??? 95%)? 
 
? 6 ??????? 40Ar/39Ar????????? 
Fig.6 40Ar/39Ar age spectrum and inverse isochron for a muscovite sample from the Piaotang Tungsten Deposit 
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6 ? ? 
(1) ????????????? 40Ar/39Ar ?
???, Ar ???????????????, ?
??????????????????????
40Ar/39Ar??????????????????, 
???????????? 
(2) ??????????????? Thermo
?????? Qtegra Noble Gas????????
????, ???????? 40Ar/39Ar ?????
?????, ????? 
(3) ???????????? , ?????
??? 40Ar/36Ar ?, ?????????????
?????? ArgusVI????????? 
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